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T
he melanocortin-1 receptor (MC1R) gene is the only
gene identi¢ed that explains substantial variation in
hair color (i.e., that within the normal population). In
northern European populations the majority of red-
haired persons are homozygous for a limited number
of mutations that diminish signaling through the G coupled pro-
tein receptor encoded by the MC1R gene (Valverde et al, 1995). A
clear heterozygote e¡ect is seen on freckling, sun sensitivity, and
risk of skin cancer (Healy et al, 2000; Palmer et al, 2000), and a min-
ority of individuals with red hair are heterozygotes rather than
homozygotes (or compound heterozygotes) for MC1R mutations
(Flanagan et al, 2000). Although there has been interest in studying
the evolution of the MC1R, and populations from Africa and Asia
have been sampled as part of such work, study of the genotype/
phenotype relationship has been limited to European-derived po-
pulations.We recently had the opportunity to study persons with
red hair but who self-identify themselves as black.
In Jamaica there are persons who self-identify themselves as
black who have auburn/reddish hair, freckles, and a ‘‘rust-colored’’
complexion (sometimes called ‘‘red Ibos’’). As part of an investiga-
tion of the phenotypic expression of MC1R variants in a black
population we have examined MC1R sequence and hair melanins
in four Jamaican ‘‘redheads’’. This study was approved by the Uni-
versity of theWest Indies/University Hospital of theWest Indies
Ethics Committee.
Samples were obtained from four redheads (ages 3, 11, 30, and
32 y; two boys and two women, respectively) and also from the
mothers of the two boys. DNA extraction fromwhole blood, se-
quencing, and analysis of hair melanins were all carried out using
previously described methods (Sambrook et al, 1989; Ito and
Wakamatsu, 1994; Wakamatsu et al, 2002). Hair melanins were
analyzed in three of the redheads and are expressed as the loga-
rithm to the base 10 of the concentrations (ng per mg of hair sam-
ple) of eumelanin and pheomelanin.
Sequencing of MC1R revealed that all of the redheads were
compound heterozygotes for variants that are either known, or
predicted to disrupt MC1R function. MC1R genotypes were as
follows (variant positions compared with human consensus se-
quence: GenBank accession no. X65634): subject 1, Gly89Arg/
Arg151Cys (his mother is heterozygous for the Arg151Cys var-
iant); subject 2, 23 STOP/Arg160Trp (his mother is heterozygous
for the 23 STOP variant); subject 3, Asp294His/frameshift at co-
don 195; subject 4, 23 STOP/Arg151Cys. Hair melanins for sub-
jects 1, 2, and 3 were as follows: log eumelanin 8.3, 8.3, 7.6; log
pheomelanin 4.2, 6.6, 6.5. All of these values are within the range
seen in a white UK sample of MC1R homozygotes selected on
the basis of the red hair phenotype: average log eumelanin 7.570.6;
average log pheomelanin 6.070.9 (Rees et al, unpublished data).
This is one of the ¢rst studies that has examined MC1R var-
iants and redheaded phenotypes in individuals from a black po-
pulation (i.e., with West African ancestry) and, although small,
we think it is of potential interest. The phenotype, which is anec-
dotally uncommon (but from our observations cannot be rare), is
striking; it is very easy to distinguish these individuals from black
persons of lighter or darker complexion because there is a red-
dish-orange/rust-colored hue to the skin.
There are a number of conclusions we can draw. First, red hair
in this group, as well as in Caucasians, can be accounted for in
terms of mutation of the MC1R: the changes at codons 151, 160,
and 294 are well known (Harding et al, 2000; Schi˛th et al, 1999),
and we have seen the codon 23 stop (as a heterozygous change
only) in another African without red hair. These data suggest the
possibility of a substantial sampling of Caucasian diversity at
MC1R among Jamaican redheads, augmented from an unknown
(possiblyAfrican) source for the 23 stop variant. Second, the mel-
anin values are within the range seen in white UK individuals of
equivalent MC1R status. This suggests that even on a di¡erent
genetic background MC1R variants exert a signi¢cant phenoty-
pic e¡ect. Thus, although we assume that there is admixture at
loci other than MC1R, the high penetrance observed is relevant
to studies seeking to explain the evolution of world-wide varia-
tion in skin and hair color. Further studies in Jamaica and in other
African-descent populations are required; particularly with re-
spect to the presence of a heterozygote e¡ect and sun sensitivity.
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Confocal Microscopy of the Skin in the Diagnosis of X-Linked
Alport Syndrome
To the Editor:
Alport syndrome is an inherited disorder of type IVcollagen, the
major collagenous constituent of basement membranes (Timpl
and Brown, 1996).The hallmark of the disease is persistent micro-
scopic hematuria, often associated with proteinuria, progressive
renal failure, ocular abnormalities, and high-tone sensorineural
hearing loss (Kashtan, 1998). The majority (about 85%) of Alport
kindred show X-linked dominant inheritance, which is caused by
mutations in the COL4A5 gene located in the Xq22 region that
encodes for the a5(IV) chain of type IVcollagen (Mochizuki et al,
1994; Renieri et al, 1996). Mutations of the COL4A5 gene result in
the loss of a5(IV) chain in basement membranes (Yoshioka et al,
1994); in general, absence of a5(IV) expression in a male patient,
or a mosaic distribution in a female, is diagnostic of X-linked
Alport syndrome (Grunfeld, 2000).
a5(IV) is present in normal glomerular basement membrane
(GBM) and also in the normal epidermal basement membrane
(EBM) (Peissel et al, 1995); its absence results in typical ultrastruc-
tural lesions of the GBM, virtually diagnostic of the disease,
whereas no morphologic abnormalities have been observed in
the EBM (Kashtan et al, 1986; Nakanishi et al, 1994).
Immunohistochemical study of the skin, however, is at present
considered the procedure of choice in evaluating a patient with
microhematuria who is suspected of having X-linked Alport syn-
drome, being much less invasive than renal biopsy. Absence of
a5(IV) in the EBM, observed in nearly 80% of hemizygotes, or
a segmental pattern in heterozygotes, is diagnostic of the syn-
drome (Kashtan, 1998; Kashtan, 1999; Pirson, 1999; Grunfeld,
2000).
Unfortunately, in most published series a number of patients
exist in whom COL4A5 mutations are associated with a positive,
linear staining (Kashtan and Michael, 1996; Kashtan, 1998; 1999).
Immunohistochemical demonstration of a5(IV) expression is
currently achieved by the standard indirect immuno£uorescence
method, a simple and highly speci¢c technique. Yet, standard
£uorescence microscopy has a somewhat low resolving power,
depending upon the use of relatively thick (4^6 mm) tissue
sections.
The aim of this study was to verify whether the use of alter-
native microscopy techniques for immuno£uorescence could pre-
vent the occurrence of ‘‘false negative’’ results. This was achieved
by confocal laser scanning microscopy (CLSM), which produces
high-resolution images of thick biologic samples (Paddock, 1999).
We selected from a total of 45 probands with proven X-linked
Alport syndrome those cases in which routine immuno£uores-
cence for a5(IV) revealed a positive, linear, and continuous stain-
ing pattern. Eight symptomatic patients were studied (four males
and four females); clinical and molecular data are summarized in
Table I. The diagnosis was based on the identi¢cation of a muta-
tion on the COL4A5 gene and/or on the presence of the typical
ultrastructural lesions of the GBM in renal biopsies performed on
the patient or on an a¡ected relative. Two patients (#1 and #4)
had a negative family history, but showed a COL4A5 mutation
and a typical ultrastructural appearance of the GBM. In patient
#2 a COL4A5 mutation was not identi¢ed but a typical family
history was present (her child displayed a negative a5(IV) staining
along the GBM). All male patients but one (#8) had proteinuria;
conversely, proteinuria was present only in one female patient
(#3). Renal function was normal in all patients. Mild neurisensor-
ial deafness and a lens opacity was present in patient #6. Our
work was performed with full approval of our institution and all
experiments were conducted in compliance with the Helsinki
Principles for laboratory work with human tissue.
Punch (3 mm) skin biopsies were performed at the axillary
fold in six patients, and in three patients skin tissue was obtained
during percutaneous renal biopsy. Mean age at biopsy was 23.2 y
(range 6^45 y). Informed consent was obtained from all patients
and/or their parents.
Un¢xed skin samples were embedded in OCT, snap frozen in
liquid-nitrogen-cooled isopentane, and stored at ^801C until
used.Ten samples of normal skin were obtained as controls at sur-
gery from patients with malignant tumors (squamous cell carci-
noma or melanoma). Immunohistochemistry was performed
using monoclonal antibodies against a1(IV) and a5(IV) chains
(Weislab, Lund, Sweden). Sections of all patients and controls
were independently examined by two observers with a Nikon
microscope equipped with epi£uorescence illumination optics.
The same sections were subsequently examined with a Sarastro
2000 confocal laser scanning microscope by a third investigator,
without knowledge of the specimen category (patients versus
controls).
Results of conventional £uorescence microscopy con¢rmed in
all cases of Alport syndrome the presence of a linear, uninter-
rupted signal for a5(IV). Confocal microscopy, performed on
the same specimens, revealed that the pattern of distribution of
a5(IV) was indeed abnormal, with the three-dimensional recon-
struction of the EBM appearing as a discontinuous sheet.The dis-
rupted pattern varied from focal interruptions (i.e., small to
medium sized areas of negative staining, mostly linear in shape,
irregularly distributed along the whole length of the examined
EBM) to a coarsely granular distribution of the £uorescent dye
(i.e., large, irregularly shaped areas of negative staining sur-
rounded by rims or spots of positive staining) (seeTable II and
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